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H[WHUQDOHQYLURQPHQW'HSHQGLQJXSRQWKHQDWXUHRIIDXOWVVRPHIDXOWVLQVRIWZDUHFDQFDXVHDQ\WKLQJIURPDVLPSOH
PLVFDOFXODWLRQWRDQHQWLUHV\VWHPFROODSVH$FFRUGLQJWRDVXUYH\GHWHFWLRQDQGUHPRYDORIVRIWZDUH¶VIDXOWVFRYHU
DURXQGRI WKH WRWDOSURMHFWEXGJHW7KHUHIRUH ILQGLQJDQGIL[LQJIDXOWVDVHDUO\DVSRVVLEOHPD\VDYHD ORWRI
VRIWZDUHGHYHORSPHQWFRVW
6RIWZDUH IDXOW SUHGLFWLRQ DLPV WR VROYH WKLV NLQG RI SUREOHP ,W KHOSV LQ LGHQWLI\LQJ WKH IDXOW SURQH VRIWZDUH
PRGXOHV SULRU WR WHVWLQJ SKDVH XVLQJ VRPH XQGHUO\LQJ SURSHUWLHV RI WKH VRIWZDUH V\VWHP &RQVHTXHQWO\ KHOSV LQ
DOORFDWLQJWHVWLQJUHVRXUFHVHIILFLHQWO\DQGHFRQRPLFDOO\$EXQGDQWUHVHDUFKKDVEHHQGRQHLQWKHSDVWWREXLOGDQG
HYDOXDWHWKHIDXOWSUHGLFWLRQPRGHOVWRSUHGLFWWKHIDXOWSURQHQHVVRIWKHVRIWZDUHV\VWHP
0DQ\ VWDWLVWLFDO DQG PDFKLQH OHDUQLQJ WHFKQLTXHV KDYH EHHQ SURSRVHG DQG VWXGLHG WR SUHGLFW WKH IDXOWV LQ D
VRIWZDUH V\VWHP 7KHVH WHFKQLTXHV LQFOXGH /RJLVWLF 5HJUHVVLRQ 1HXUDO 1HWZRUN 1DLYH %D\HV 'LVFULPLQDQW
$QDO\VLV &ODVVLILFDWLRQ 7UHHV &DVHEDVHG 5HDVRQLQJ %DJJLQJ %RRVWLQJ 690 HWF 'HVSLWH WKH FRQWULEXWLRQ
PDGHE\WKHPWKHUHDUHVWLOOLVVXHVWKDWSUHYHQWWKHPIURPEHFRPLQJZLGHO\DGRSWHGLQSUDFWLFH0RVWRIWKHHDUOLHU
VRIWZDUHIDXOWSUHGLFWLRQVWXGLHVKDYHSUHGLFWHGWKHIDXOWSURQHQHVVRIWKHVRIWZDUHPRGXOHVLQWHUPVRI IDXOW\DQG
QRQIDXOW\ ELQDU\ FODVV FODVVLILFDWLRQ 7KHUH DUH VHYHUDO LVVXHV ZLWK WKLV ELQDU\ FODVV FODVVLILFDWLRQ (YHQ LI WKH
SHUIRUPDQFHRIWKHSUHGLFWLRQPRGHOZDVUHSRUWHGH[FHOOHQWWKHLQWHUSUHWDWLRQRIWKHILQGLQJLVKDUGWRSXWLQWRWKH
SURSHUXVDELOLW\FRQWH[WLHLGHQWLILFDWLRQRIWKHQXPEHURIIDXOWVSHUPRGXOH
7RFODULI\WKHSUDFWLFDOXVHRIWKHVRIWZDUHIDXOWSUHGLFWLRQPRGHOZHSUHVHQWDQDSSURDFKWRSUHGLFWWKHQXPEHU
RI IDXOWV LQ D JLYHQ VRIWZDUH V\VWHP XVLQJ WKH *HQHWLF 3URJUDPPLQJ *3 7KH FRQWULEXWLRQ RI WKLV SDSHU LV WR
H[SORUHWKHFDSDELOLWLHVRIWKH*HQHWLF3URJUDPPLQJIRUWKHQXPEHURIVRIWZDUHIDXOWVSUHGLFWLRQ:HEXLOGRXUIDXOW
SUHGLFWLRQPRGHOVXVLQJ*HQHWLF3URJUDPPLQJRYHUWKHWHQVRIWZDUHIDXOWGDWDVHWVDYDLODEOHLQWKH3520,6(GDWD
UHSRVLWRU\ DQG HYDOXDWH WKH SHUIRUPDQFH RI WKH FRQVWUXFWHG PRGHOV XVLQJ (UURU 5DWH 5HFDOO DQG &RPSOHWHQHVV
PHDVXUHV2XUUHVXOWVLQGLFDWHWKDW*3EDVHGIDXOWSUHGLFWLRQPRGHOVDUHVLJQLILFDQWWRSUHGLFWWKHQXPEHURIIDXOWVLQ
WKH VRIWZDUH V\VWHP 7KH UHVXOWLQJ VWDWLVWLFV RI WKH HYDOXDWLRQ PHDVXUHV FRQILUPHG WKH SUHGLFWLYH DFFXUDF\ DQG
FRQVLVWHQF\RIWKHEXLOWIDXOWSUHGLFWLRQPRGHOV
7KHUHVWRIWKHSDSHULVRUJDQL]HGDVIROORZV6HFWLRQFRQWDLQVUHODWHGZRUN6HFWLRQFRQVLVWVDQRYHUYLHZRI
WKHSURSRVHGDSSURDFK6HFWLRQSUHVHQWVDEULHIGHVFULSWLRQRI WKHXVHG VRIWZDUH IDXOWGDWDVHWVVRIWZDUHPHWULFV
LQGHSHQGHQWYDULDEOHFRQVLGHUHGDQGGHSHQGHQWYDULDEOH,Q6HFWLRQZHSUHVHQWWKHGHWDLORIH[SHULPHQWDOVHWXS
DORQJZLWKWKHGLVFXVVLRQRIWKHHYDOXDWLRQPHDVXUHV7KHUHVXOWRI WKHLQYHVWLJDWLRQLVSUHVHQWHGLQ6HFWLRQ:H
GLVFXVVWKHLPSOLFDWLRQRIRXUUHVXOWVLQ6HFWLRQIROORZHGE\WKUHDWVWRYDOLGLW\DQGILQDOO\GUDZRXUFRQFOXVLRQVLQ
6HFWLRQ
 5HODWHG:RUN
7KHUHKDYHEHHQPDQ\HIIRUWV UHSRUWHGSUHYLRXVO\ WRSUHGLFW IDXOWSURQHQHVVRI VRIWZDUHPRGXOHV LQ WHUPVRI WKH
PRGXOHVEHLQJIDXOW\RUQRQIDXOW\7KHVXUYH\RIVRPHRIWKHVHVWXGLHVKDVEHHQUHSRUWHGLQ+RZHYHURXUIRFXV
KHUHLVRQWKHVWXGLHVGRQHWRSUHGLFWWKHQXPEHURIIDXOWVRUIDXOWGHQVLW\SUHGLFWLRQ
6WXGLHVUHSRUWLQJWKHIDXOWSURQHQHVVRIVRIWZDUHPRGXOHVLQWHUPVRISUHGLFWLQJWKHIDXOWGHQVLW\RUWKHQXPEHU
RI IDXOWV LQDVRIWZDUHPRGXOHDUHYHU\IHZ ,QLWLDOO\*UDYHVHWDO UHSRUWHGDVWXG\ IRU WKHQXPEHURI IDXOWV
SUHGLFWLRQ XVLQJ WKH JHQHUDOL]HG OLQHDU UHJUHVVLRQ DQDO\VLV 7KH\ SHUIRUPHG WKHLU VWXG\ RYHU D ODUJH
WHOHFRPPXQLFDWLRQV\VWHPFRQVLVWLQJRIPLOOLRQ OLQHVRIFRGH7KH\FRQVLGHUHGGLIIHUHQWILOHFKDUDFWHULVWLFVDV
LQGHSHQGHQW YDULDEOHVDQG IRXQG WKDW WKHPRGXOH VL]HDQGRWKHU VRIWZDUHFRPSOH[LW\PHWULFVZHUHJHQHUDOO\SRRU
SUHGLFWRUVRIIDXOWOLNHOLKRRG7KHEHVWSUHGLFWRUVZHUHWKHFRPELQDWLRQVRIDPRGXOHVDJHWKHFKDQJHVPDGHWRWKH
PRGXOHDQGWKHDJHVRIWKHFKDQJHV
2VWUDQGHW DOKDYHXVHG1HJDWLYH%LQRPLDO5HJUHVVLRQ 1%5DQDO\VLV WRSUHGLFW IDXOWSURQHQHVV LQ VRIWZDUH
PRGXOHV,QWKHLUVWXG\D1%5PRGHOZDVGHYHORSHGDQGXVHGWRSUHGLFW WKHH[SHFWHGQXPEHURI IDXOWVDQGIDXOW
GHQVLW\LQHYHU\PRGXOHRIWKHQH[WUHOHDVHRIWKHV\VWHP7KHSUHGLFWLRQPRGHOVZHUHEDVHGRQWKHQXPEHURIOLQHV
RIFRGHDQGIDXOWVDQGPRGLILFDWLRQKLVWRU\RIWKHVRIWZDUHPRGXOHV7KH\XVHGWKLVSUHGLFWLRQPRGHORQWZRODUJH
LQGXVWULDOV\VWHPVDQGIRXQGWKDWWKH1%5PRGHOZDVDFFXUDWHWRLGHQWLI\WKHIDXOWGHQVLW\RIWKHVRIWZDUHPRGXOHV
-DQHVHWDOUHSRUWHGDQRWKHUVWXG\IRUIDXOWSURQHQHVVSUHGLFWLRQXVLQJ1%5DQDO\VLV7KH\LQYHVWLJDWHGWKHUHODWLRQ
EHWZHHQREMHFWRULHQWHGPHWULFVDQGFODVVGHIHFW LQD UHDO WLPH WHOHFRPPXQLFDWLRQ V\VWHP7KH\ IRXQG WKDW=HUR
LQIODWHG1HJDWLYH%LQRPLDO5HJUHVVLRQPRGHOZDVVLJQLILFDQWO\DFFXUDWHWRSUHGLFWWKHIDXOWGHQVLW\,QVLPLODUVWXG\
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/LJXRHWDOXVHG1%5DQDO\VLVWRSUHGLFWIDXOWSURQHQHVVRQRSHQVRXUFHVRIWZDUH7KH\FRPSDUHGWKHSHUIRUPDQFH
RIWKH1%5PRGHOZLWK%LQDU\/RJLVWLF5HJUHVVLRQPRGHODQGIRXQGWKDWLQSUHGLFWLQJIDXOWSURQHPRGXOHV1%5
PRGHO FRXOG QRW RXWSHUIRUP %LQDU\ /RJLVWLF 5HJUHVVLRQ EXW WKH\ VXJJHVWHG WKDW 1%5 LV HIIHFWLYH LQ SUHGLFWLQJ
PXOWLSOHHUURUVLQRQHPRGXOH7KHSUHGLFWLRQSHUIRUPHGLQDLPHGWRLGHQWLI\WKHWRSRIILOHVZLWKWKHKLJKHVW
SHUFHQWDJHRIWKHSUHGLFWHGQXPEHURIIDXOWV+RZHYHUQRFRPSDULVRQDQGHYDOXDWLRQZDVSURYLGHGZLWKUHVSHFWWR
WKHDFWXDOYDOXHRI IDXOWV ,WPD\SRVVLEOH WKDWPRGHOSURGXFH WKHKLJKPLVFODVVLILFDWLRQ UDWHDQGVWLOOSRVVHVV WKH
KLJKHU DFFXUDF\ IRU SUHGLFWLRQ LQ WRS  ILOHV :KLFK PD\ HYHQWXDOO\ OHDGV WR KLJKHU WHVWLQJ FRVW 7KH VWXG\
SHUIRUPHGLQLVGHSHQGHQWWRWHOHFRPPXQLFDWLRQFRQWH[WDQGWKH\KDYHFRPSDUHGWKHWKUHHIDXOWSUHGLFWLRQPRGHOV
+RZHYHUQRHYDOXDWLRQRIDFFXUDF\RURWKHUSDUDPHWHUVKDYHEHHQSURYLGHG
,Q DQRWKHU VWXG\: $I]DO HW DO SHUIRUPHG DQ HPSLULFDO VWXG\ WR SUHGLFW WKH IDXOW FRXQW XVLQJ WKH *HQHWLF
3URJUDPPLQJ*37KH\SHUIRUPHGWKHLUH[SHULPHQWVRYHUWKHWKUHHLQGXVWULDOSURMHFWVDQGHYDOXDWHGWKHLUUHVXOWV
XVLQJVRPHJRRGQHVVRI ILWDQGSUHGLFWLYHDFFXUDF\SDUDPHWHUV7KH\FRQFOXGHGWKDW*3LVVWDWLVWLFDOO\VLJQLILFDQW
DQGDFFXUDWHWRSUHGLFWIDXOWFRXQWV
2XUVWXG\GLIIHUVIURPWKHSUHYLRXVO\PHQWLRQHGVWXGLHVLQVHYHUDOZD\V)LUVWO\PRVWRIWKHHDUOLHUVWDWHGVWXGLHV
KDYHXVHGLQGXVWULDOGDWDVHWV,QFRQWUDU\ZHKDYHXVHGWKHWHQRSHQVRXUFHGDWDVHWV6HFRQGO\HDUOLHUOLVWHGVWXGLHV
PDGHWKHXVHRIFKDQJHKLVWRU\DQG/2&PHWULFRIWKHILOHVWRGHWHUPLQHQXPEHURIIDXOWVZKHUHDVZHKDYHXVHG
REMHFWRULHQWHGPHWULFV0RVWRIWKHSULRUVWXGLHVKDYHXVHGVRPHK\SRWKHVLVWHVWLQJRUJRRGQHVVRIILWSDUDPHWHUVWR
HYDOXDWHWKHLUUHVXOWV:KLOHZHKDYHXVHG(UURU5DWH5HFDOODQG&RPSOHWHQHVVPHDVXUHVWRSHUIRUPIDLUHYDOXDWLRQ
RIRXUUHVXOWVDQGUHPDLQHGFRQVLVWHQWZLWKWKHVHWKUHHVHWRIPHDVXUHVIRUDOO WKHXVHGGDWDVHWV,QFRPSDULQJRXU
UHVXOWVZLWKWKHSUHYLRXVVWXGLHVZHIRXQGWKDWRXUSURSRVHGIDXOWSUHGLFWLRQPRGHODFKLHYHGWKHKLJKHUUHFDOOYDOXH
7KHHUURUUDWHDQDO\VLVDOVRFRQILUPHGWKDWHIIHFWLYHQHVVRIWKHSURSRVHGPRGHO
 *3%DVHG)DXOW3UHGLFWLRQ0RGHO
*HQHWLF3URJUDPPLQJLVDQHYROXWLRQDU\DOJRULWKPWKDWPLPLFVWKHZRUNLQJRIELRORJLFDOHYDOXDWLRQWRILQGWKH
EHVWSRVVLEOH VROXWLRQ WRSHUIRUPDXVHU VSHFLILHG WDVN ,W LV D VSHFLDOL]DWLRQRIJHQHWLFDOJRULWKP ,W LV D VHDUFK
EDVHGDOJRULWKPZKLFK VHDUFK IRURSWLPDO VROXWLRQ WRSHUIRUPDJLYHQFRPSXWDWLRQDO WDVN*HQHWLF3URJUDPPLQJ
W\SLFDOO\ VWDUWV ZLWK D UDQGRPO\ JHQHUDWHG SRSXODWLRQ RI SRWHQWLDO VROXWLRQ VSDFH 6XEVHTXHQWO\ LW LWHUDWLYHO\
WUDQVIRUPV LQLWLDO SRSXODWLRQ RI SRWHQWLDO VROXWLRQV LQWR D QHZ JHQHUDWLRQ RI WKH SRSXODWLRQ E\ DSSO\LQJ JHQHWLF
RSHUDWRU W\SLFDOO\ FURVVRYHU DQG PXWDWLRQ 7KHVH RSHUDWLRQV DUH DSSOLHG WR LQGLYLGXDOV VHOHFWHG IURP WKH
SRSXODWLRQ 7KH LQGLYLGXDOV ZKR ZLOO VXUYLYH LQ WKH QH[W LWHUDWLRQV DUH VHOHFWHG XVLQJ D ILWQHVV IXQFWLRQ )LWQHVV
IXQFWLRQLVDQREMHFWLYHIXQFWLRQWKDWEDVHGRQVRPHPHULWVFKRRVHVKRZDQLQGLYLGXDOLVFORVHWRDFKLHYLQJWKHJRDO
7KHZKROHSURFHVVLVFRQWLQXHGLQWKLVPDQQHUXQWLOWKHWHUPLQDWLRQFRQGLWLRQLVPHWZKLFKLVJHQHUDOO\ERXQGWRWKH
PD[LPXP QXPEHU RI JHQHUDWLRQV $IWHU WKH WHUPLQDWLRQ FULWHULRQ LV VDWLVILHG WKH VLQJOH EHVW LQGLYLGXDO LQ WKH
SRSXODWLRQLVFKRVHQDVUHVXOWLQJVROXWLRQ
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)DXOW
'DWDVHWV
'LYLGHWKHIDXOWGDWDVHWVLQWRWUDLQLQJGDWDDQGWHVWLQJGDWD
UDQGRPO\
7UDLQWKH*3RYHUWKHWUDLQLQJGDWDVHWV
2SWLPL]HWKHFRQWUROSDUDPHWHUVRI*3IRUHDFKRIWKHWUDLQLQJ
GDWDVHW
$SSO\WKHWUDLQHG*3RYHUHDFKRIWKHWHVWLQJGDWDVHW
(YDOXDWHDQGYDOLGDWHWKHUHVXOWV
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)LJ$Q2YHUYLHZRIWKH3URSRVHG$SSURDFK
)LJUHSUHVHQWVDQRYHUYLHZRIRXUSURSRVHGDSSURDFK)LUVWZHGLYLGHDOOVRIWZDUHIDXOWGDWDVHWVLQWRWUDLQLQJGDWD
DQGWHVWLQJGDWDUDQGRPO\6XEVHTXHQWO\WUDLQWKH*3XVLQJWUDLQLQJGDWDDQGRSWLPL]HLWVFRQWUROSDUDPHWHUV7KH
WUDLQHG*3EDVHGIDXOWSUHGLFWLRQPRGHOLVWKHQDSSO\RYHUWKHWHVWLQJGDWDDQGILQDOO\ZHHYDOXDWHDQGYDOLGDWHWKH
UHVXOWVXVLQJYDULRXVHYDOXDWLRQPHDVXUHV
([SHULPHQWDO0HWKRGRORJ\
,QWKLVVHFWLRQZHSUHVHQWDEULHIRYHUYLHZRIWKHVRIWZDUHIDXOWGDWDVHWVXVHGIRUH[SHULPHQWDOVWXG\ZLWKWKH
LQIRUPDWLRQRILQGHSHQGHQWVRIWZDUHPHWULFVDQGGHSHQGHQWYDULDEOHV:HDOVRSURYLGHWKHGHVFULSWLRQRIWKHXVHG
HYDOXDWLRQPHDVXUHV
6RIWZDUH)DXOW'DWDVHWV
7KHIDXOWGDWDVHWVXVHGLQRXUVWXG\KDYHEHHQFROOHFWHGIURPWKH3520,6(GDWDUHSRVLWRU\:HKDYHXVHGWHQ
IDXOWGDWDVHWVWRSHUIRUPRXUH[SHULPHQWDOLQYHVWLJDWLRQDQGWRHYDOXDWHRXUUHVXOWV2XWRIWHQGDWDVHWVVL[GDWDVHWV
EHORQJWR3523SURMHFWWZRDUHIURP;HUFHVSURMHFWDQGUHPDLQLQJWZRDUHIURP&DPHOSURMHFW3523GDWDVHWLV
RQHRI WKH ODUJHVWGDWDVHW WKDW DUHDYDLODEOH LQ3520,6(GDWD UHSRVLWRU\7KLVGDWDVHW LV FROOHFWHG IRUD VRIWZDUH
SURMHFWWKDWZDVGHYHORSHGLQDQRUJDQL]DWLRQFRPPHUFLDOVRIWZDUHDQGZULWWHQLQWKH-DYDSURJUDPPLQJODQJXDJH
:HKDYHXVHGYHUVLRQVDQGRIWKH3523GDWDVHWV6LPLODUO\;HUFHVLVD$SDFKHFROOHFWLRQ
RIVRIWZDUHOLEUDULHVXVHGIRUSDUVLQJYDOLGDWLQJDQGPDQLSXODWLQJ;0/&DPHOLVUXOHEDVHGURXWLQJDQGPHGLDWLRQ
HQJLQHWKDWRIIHUVWKHLQWHUIDFHVIRUWKH(,3V7KH;HUFHVDQG&DPHOERWKDUHRSHQVRXUFHSURMHFWV
(DFKRI WKH WHQXVHGIDXOWGDWDVHWVFRQVLVWRIVDPHREMHFWRULHQWHGPHWULFV 6HH6HFWLRQDQGQXPEHURI
IDXOWVLQIRUPDWLRQIRUHDFKVRIWZDUHPRGXOH7KHSHUFHQWDJHRIIDXOW\PRGXOHVYDULHVEHWZHHQDSSUR[
ZKLFKPDNHVWKHPWKHJRRGFDQGLGDWHIRUWKHH[SHULPHQWDOVWXG\7KHGHWDLOHGGHVFULSWLRQRIWKHGDWDVHWVLVJLYHQLQ
7DEOH
7DEOH'HWDLORIWKH)DXOW'DWDVHWVXVHGIRUWKH6WXG\
'DWDVHW 7RWDOQXPEHURI0RGXOHV 1RQFRPPHQWHG/2& 1RRI)DXOW\0RGXOHV 'LVWULEXWLRQRI)DXOWVLQ
35239    
35239    
35239    
35239    
35239    
35239    
;HUFHV    
;HUFHV    
&DPHO    
&DPHO    
8VHG6RIWZDUH0HWULFV
7RSHUIRUPRXUH[SHULPHQWDOVWXG\ZHKDYHXVHGVRIWZDUHPHWULFVUHODWHGWRFRXSOLQJFRKHVLRQLQKHULWDQFH
FRPSOH[LW\DQGHQFDSVXODWLRQ7KHXVHGVRIWZDUHPHWULFVDUH:0&&%25)&',712&,&&%0&$&(
0)$/&20/&20&$002$130'$0$0&/2&0D[B&&DQG$YJB&&7KH\DOODUHZHOONQRZQ
VRIWZDUHPHWULFVLQWKHVRIWZDUHSUHGLFWLRQFRQWH[WDQGWKHUHIRUHZHGRQRWSURYLGHWKHGHVFULSWLRQRIWKHVHPHWULFV
7KHGHWDLORIWKHVHPHWULFVFDQEHIRXQGLQ
'HSHQGHQW9DULDEOH
,Q WKLVVWXG\ZHH[SORUH WKHFDSDELOLW\RI*HQHWLF3URJUDPPLQJIRU WKHQXPEHURI IDXOWVSUHGLFWLRQ LQDJLYHQ
VRIWZDUHV\VWHP7KHUHIRUHZHVHOHFWHGPHDVXUHRIIDXOWSURQHQHVVDVWKHGHSHQGHQWYDULDEOH7KHIDXOWSURQHQHVV
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RIDFODVVLVWKHSUREDELOLW\WKDWDFODVVFRQWDLQVIDXOWVJLYHQWKHPHWULFVIRUWKDWFODVV6LQFHRXUSUHGLFWLRQPRGHO
DVVLJQHG DQ H[SHFWHG QXPEHU RI IDXOWV WR HDFK PRGXOH RI VRIWZDUH 7KHUHIRUH ZH VHOHFW QXPEHU RI IDXOWV DV
GHSHQGHQWYDULDEOHLQVWHDGRIGLYLGLQJWKHPLQWRWZRFDWHJRULHVRIIDXOW\DQGQRQIDXOW\

(YDOXDWLRQ0HDVXUHV
7RHYDOXDWHWKHSHUIRUPDQFHRIWKHIDXOWSUHGLFWLRQPRGHOZHKDYHXVHGWKUHHW\SHVRISHUIRUPDQFHHYDOXDWLRQ
PHDVXUHV 7R PHDVXUH WKH GHYLDWLRQ EHWZHHQ WKH SUHGLFWHG DQG DFWXDO IDXOW YDOXHV ZH KDYH XVHG (UURU 5DWH
SDUDPHWHUV7KHSUHGLFWLRQDFFXUDF\ LVPHDVXUHGE\XVLQJ5HFDOO DQG&RPSOHWHQHVVRI WKHPRGHO LVPHDVXUHGE\
XVLQJFRPSOHWHQHVVPHDVXUH7KHGHVFULSWLRQRIHDFKRIWKHPHDVXUHLVDVIROORZV
L (UURU 5DWH 7KH GLIIHUHQFH EHWZHHQ WKH DFWXDO IDXOW YDOXHV DQG SUHGLFWHG IDXOW YDOXHV LV PHDVXUHG XVLQJ WKH
DYHUDJHUHODWLYHHUURU$5(,WLVGHILQHGDV

$5( ሺͳȀ݊ሻσ ȁܻ݅ െ ܻ݅ȁȀሺܻ݅ ൅ ͳሻ௡௜ୀଵ 

:KHUHܻ݅LVWKHSUHGLFWHGYDOXHRIWKHQXPEHURIIDXOWVLQDVRIWZDUHPRGXOHDQG<LLVWKHFRUUHVSRQGLQJDFWXDO
YDOXHQLVWKHQXPEHURIPRGXOHV,QWKHFDVHRI$5(DVWKHDFWXDOYDOXHRIWKHIDXOWVPD\EH]HURRQHLVDGGHGWR
WKHGHQRPLQDWRUWRPDNHWKHGHILQLWLRQDOZD\VZHOOGHILQHG
LL5HFDOO5HFDOOVKRZVWKHIUDFWLRQRIUHOHYDQWLQVWDQFHVWKDWDUHUHWULHYHG,WPHDVXUHVWKHDELOLW\RIWKHFODVVLILHU
WRLGHQWLI\DFRQGLWLRQFRUUHFWO\$FODVVLILHUZLWKKLJKUHFDOOYDOXHLQVXUHVWKDWDKLJKQXPEHURISRVLWLYHH[DPSOHV
ZLOOEHLGHQWLILHG,WLVGHILQHGDV

5HFDOO 7UXH3RVLWLYH7UXH3RVLWLYH)DOVH1HJDWLYH

2XU XVHG IDXOW GDWD LV LPEDODQFH LQ QDWXUH ,W FRQWDLQV D ODUJH QXPEHU RI QRQIDXOW\ PRGXOHV FRPSDUH WR IDXOW\
PRGXOHV7KHPDLQJRDORIWKHSURSRVHGIDXOWSUHGLFWLRQPRGHOLVWRLGHQWLI\IDXOW\PRGXOHVDVPXFKDVSRVVLEOH,I
DIDXOWUHPDLQHGXQLGHQWLILHGWKHQLWZLOOUHTXLUHORWVRIUHVRXUFHVDQGHIIRUWVIRULGHQWLILFDWLRQDWODWHUVWDJHVRUPD\
EHUHPDLQXQLGHQWLILHGDQGFDXVHWKHVHYHUHHIIHFWRQVRIWZDUHSHUIRUPDQFHODWHU)RUWKLVUHDVRQZHVHOHFWUHFDOO
YDOXHDVWKHPHDVXUHWRDVVHVVWKHSHUIRUPDQFHRIWKHSURSRVHGIDXOWSUHGLFWLRQPRGHO
LLL&RPSOHWHQHVV&RPSOHWHQHVVLVGHILQHGDVWKHQXPEHURIIDXOWVIRXQGLQWKHPRGXOHVFODVVLILHGDVIDXOWSURQH
GLYLGHG E\ WKH WRWDO QXPEHU RI IDXOWV LQ WKH VRIWZDUH V\VWHP 7KLV SDUDPHWHU WHOOV KRZ FRPSOHWH LV WKH IDXOW
SUHGLFWLRQPRGHO"
([SHULPHQWDO6HWXS
:HEXLOWRXUIDXOWSUHGLFWLRQPRGHOVXVLQJWKH*3/$%YHUVLRQWRROER[DQG0$7/$%YHUVLRQ*3/$%
LV D JHQHWLF SURJUDPPLQJ WRROER[ IRU 0$7/$% ,W FRPSULVHV DOO WKH IHDWXUHV WUDGLWLRQDOO\ XVHG LQ JHQHWLF
SURJUDPPLQJ
3DUDPHWHU6HOHFWLRQIRU*HQHWLF3URJUDPPLQJ
*3/$% DOORZV WKH XVHUV WR VHOHFW YDOXHV RI WKH YDULRXV FRQWUROOLQJ SDUDPHWHUV'HSHQGLQJ XSRQ WKH SUREOHP
GRPDLQ WKHXVHUFDQVHOHFW WKHYDULRXVSDUDPHWHUYDOXHVDFFRUGLQJO\$OO WKHSDUDPHWHUVZLWK WKHLUGHIDXOWYDOXHV
DUH GHILQHG LQ WKH DYDLODEOHSDUDPVP ILOH RI*3/$% WRROER[ 7R GHWHUPLQH WKH EHVW VXLWDEOH SDUDPHWHUV IRU RXU
GDWDVHWVZHKDYHSHUIRUPHGD VHULHVRIH[SHULPHQWVDQGDGMXVWHG WKHSDUDPHWHU YDOXHVDIWHU WKHH[SHULPHQWDWLRQ
,QLWLDOO\ZHVWDUWHGZLWKGLIIHUHQWIXQFWLRQVHWVDQGVHOHFWLRQPHWKRGVE\NHHSLQJWKHUHVWRIWKHSDUDPHWHUVIL[HG
6XEVHTXHQWO\ZHYDULHGRWKHUVSDUDPHWHUYDOXHV2QFHZH LGHQWLILHG WKHEHVWSRVVLEOH YDOXHV IRU WKHSDUDPHWHUV
WKHQZHUXQDOO WKHH[SHULPHQWVZLWKWKHVHYDOXHV7KHQXPEHURIJHQHUDWLRQVDQGSRSXODWLRQVL]H IRU;HUFHVDQG
&DPHOGDWDVHWVDUHVDPHZKLOHWKH\DUHGLIIHUHQWIRU3523GDWDVHWV7KHUHVWVRIWKHSDUDPHWHUVDUHVDPHIRUDOOWKH
GDWDVHWV2QHLPSRUWDQWWKLQJZKLOHUXQQLQJ*3LVWKHVHOHFWLRQRIWKHILWQHVVIXQFWLRQ7KHILWQHVVIXQFWLRQLVDW\SH
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RIREMHFWLYHIXQFWLRQWKDWLVXVHGWRLGHQWLI\KRZJRRGDSRWHQWLDOVROXWLRQLVUHODWLYHWRWKHRWKHUSRWHQWLDOVROXWLRQV
,WKHOSVWRVHOHFWZKLFKSRWHQWLDOVROXWLRQZLOOFRQWLQXHLQWKHQH[WJHQHUDWLRQDQGZKLFKZLOOGLH
7KHILWQHVVIXQFWLRQLQRXUH[SHULPHQWVLVWKHVTXDUHURRWRIWKHDEVROXWHGLIIHUHQFHEHWZHHQWKHREWDLQHGYDOXHV
DQGH[SHFWHGYDOXHVRIWKHQXPEHURIIDXOWVLQDOOILWQHVVFDVHVDVJLYHQLQHTXDWLRQ

)LWQHVV ሺͳȀ݊ሻσ ݏݍݎݐሺȁܧ݅ െ ܧ݅ȁሻ௡௜ୀଵ 

ܧ݅LVWKHSUHGLFWHGYDOXHRIWKHQXPEHURIIDXOWVLQDVRIWZDUHPRGXOHDQG(LLVWKHFRUUHVSRQGLQJDFWXDOYDOXHQ
LVWKHQXPEHURIPRGXOHV6LQFHLQRXUGDWDVHWVVRPHRIWKHDWWULEXWHVFRQWDLQRXWOLHUYDOXHV7KHUHIRUHVTXDUHURRW
RI WKH GLIIHUHQFH LV XVHG WR PLWLJDWH WKH HIIHFW RI RXWOLHUV RQ WKH VHOHFWLRQ RI SRWHQWLDO VROXWLRQ IRU WKH QH[W
JHQHUDWLRQV 7DEOH  VKRZV WKH YDOXHV RI WKHPDLQ SDUDPHWHUV XVHG LQ EXLOGLQJ WKH*3PRGHOV 7KH UHVWV RI WKH
SDUDPHWHUYDOXHVDUHNHSWGHIDXOW
7DEOH&RQWURO3DUDPHWHUV9DOXHVXVHGIRUWKH*3,PSOHPHQWDWLRQ
&RQWURO3DUDPHWHUV 9DOXH
3RSXODWLRQVL]HIRU;HUFHVDQG&DPHO 
3RSXODWLRQVL]HIRU3523 
1XPEHURIJHQHUDWLRQIRU;HUFHVDQG&DPHO 
1XPEHURIJHQHUDWLRQIRU3523 
7HUPLQDWLRQFRQGLWLRQ /LPLWHGWRPD[LPXPJHQHUDWLRQYDOXH
)XQFWLRQVHW ^VLQFRVORJ`
7HUPLQDOVHW ^[`
7UHHLQLWLDOL]DWLRQ 5DPSHGKDOIDQGKDOI
*HQHWLFRSHUDWRU &URVVRYHU0XWDWLRQ
6HOHFWLRQPHWKRG 5RXOHWWHZKHHO
(OLWLVP 5HSODFH
5HVXOWV
7KLVVHFWLRQGHVFULEHVWKHUHVXOWVRIWKHYDULRXVHYDOXDWLRQSDUDPHWHUVDQGDVVHVVHVWKHDFFXUDF\DQGFRPSOHWHQHVV
RIWKHIDXOWPRGHOV)RUHDFKRIWKHGDWDVHWZHKDYHXVHGRIWKHWRWDOGDWDDVWKHWUDLQLQJGDWDDQGUHVWLVXVHG
DVWKHWHVWLQJGDWD
(UURU5DWHV

7DEOHVKRZVWKHYDOXHVRI$5(HUURUVIRUHDFKRIWKHXVHGGDWDVHW7\SLFDOO\WKHPHDQDEVROXWHHUURUKDVEHHQ
ZLGHO\ XVHG LQ WKHSDVW WR UHSRUW WKH HUURUV+RZHYHU LI WKHGLIIHUHQFHEHWZHHQ WKH DEVROXWH YDOXH DQGSUHGLFWHG
YDOXHVLVODUJHWKHUHODWLYHHUURUUDWHSURYLGHVWKHPXFKXVHIXOLQIRUPDWLRQ7KHUHIRUHZHKDYHUHSRUWHGWKHUHVXOWV
LQWHUPVRIUHODWLYHHUURUPHDVXUHPHQWXQLW)URP7DEOHLWLVREVHUYHGWKDWIRUWKH3523GDWDVHWV*3EDVHGIDXOW
PRGHOVSURGXFHGWKHORZHUHUURUUDWHVZKLFKLVUDQJLQJIURPWRH[FHSW35239GDWDVHW:KLOHIRU
&DPHODQG;HUFHVHUURUUDWHLVPXFKKLJKHUZKLFKLVDQGUHVSHFWLYHO\)RUUHPDLQLQJGDWDVHWVWKH
HUURUUDWHLVDWDQDFFHSWDEOHOHYHO2QDYHUDJHWKHHUURUUDWHVDUHEHORZ7KHVHUHVXOWVFRQILUPHGWKHSUHGLFWLYH
FDSDELOLW\RIWKHIDXOWPRGHOVEDVHGRQWKH*3V\VWHP
7DEOH(UURU5DWHV3URGXFHGE\*3%DVHG0RGHOVIRUDOO7HQ'DWDVHWV
'DWDVHW $5(
;HUFHV 
;HUFHV 
&DPHO 
&DPHO 
35239 
35239 
35239 
35239 
35239 
35239 
5HFDOO$QDO\VLV
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
)LJGHSLFWVWKHREWDLQHGUHFDOOYDOXHVIRUDOOWHQXVHGGDWDVHWV6LQFHSURSRVHGIDXOWSUHGLFWLRQPRGHODVVLJQHG
DQ H[SHFWHGQXPEHURI IDXOWV WR HDFKPRGXOHRI WKHJLYHQ VRIWZDUH7KHUHIRUH WR FDOFXODWH WKH FRQIXVLRQPDWUL[
SDUDPHWHUV 73 71 )1 DQG )3 ZH KDYH FRQYHUWHG WKH QXPEHU RI IDXOWV YDOXHV LQWR IDXOW\ DQG QRQIDXOW\
FDWHJRULHVXVLQJWKH3UHGLFWLRQOPHDVXUHPHQW3UHGLFWLRQOUHSUHVHQWVWKHFRXQWRIWKHQXPEHURISUHGLFWLRQV
ZLWKLQ WKH O RI WKH DFWXDO:HKDYHXVHG WKH FULWHULRQ WKDW LI WKHSUHGLFWHGYDOXH LVZLWKLQ WKH UDQJHRI RI
DFWXDOYDOXHVWKHQWKHPRGXOHLVPDUNHGDVIDXOW\RWKHUZLVHLWLVPDUNHGDVQRQIDXOW\)URPILJXUHLWLVREVHUYHG
WKDWUHFDOOYDOXHVYDULHVEHWZHHQZLWKWKHDYHUDJHRIDSSUR[35239SURGXFHGWKHORZHVWUHFDOO
YDOXH,QSUHYLRXVVWXGLHV LWZDVIRXQGWKDWDYHUDJHUHFDOOYDOXHVYDULHVEHWZHHQ2XUSUHGLFWHGUHFDOO
YDOXHVDUHDOVRODLGZLWKLQWKLVUDQJH7KHVHUHVXOWVFRQILUPHGWKHSUHGLFWLYHDFFXUDF\RIRXUIDXOWSUHGLFWLRQPRGHO













)LJ5HFDOO9DOXH$QDO\VLVIRUDOO7HQ'DWDVHWV)LJ&RPSOHWHQHVV$QDO\VLVIRUDOO7HQ'DWDVHWV
&RPSOHWHQHVV$QDO\VLV
)LJLOOXVWUDWHVWKHFRPSOHWHQHVVYDOXHVRIRXUIDXOWPRGHOIRUDOOWKHXVHGGDWDVHWV,WLVREVHUYHGWKDWIRUPRVW
RI WKHXVHGGDWDVHWVRXU IDXOWSUHGLFWLRQPRGHODFKLHYHG WKHFRPSOHWHQHVVFORVH WR2QO\ IRU&DPHO LW
SRVVHVVHVWKHORZFRPSOHWHQHVV7KLVFRQILUPHGWKDW*3EDVHGIDXOWSUHGLFWLRQPRGHOVDUHDEOHWRGHWHFWPRVW
RIWKHIDXOWVLQWKHJLYHQVRIWZDUHV\VWHP
'LVFXVVLRQ
7KHDSSURDFKSUHVHQWHGLQWKLVSDSHUVXJJHVWHGDQHIIHFWLYHXVHRIWKH*HQHWLF3URJUDPPLQJ*3IRUEXLOGLQJ
IDXOWSUHGLFWLRQPRGHOVWKDWFDQSUHGLFWWKHQXPEHURIIDXOWVLQJLYHQVRIWZDUHV\VWHP7RHYDOXDWHWKHSHUIRUPDQFH
RI RXU SURSRVHG IDXOW SUHGLFWLRQ DSSURDFK D VHULHV RI H[SHULPHQWV ZDV FDUULHG RXW )DXOW SUHGLFWLRQ PRGHO KDV
DVVLJQHG DQ H[SHFWHG QXPEHU RI IDXOWV WR HDFK PRGXOH RI WKH V\VWHP 7KH UHVXOWV RI DSSO\LQJ WKH HYDOXDWLRQ
PHDVXUHVDVGHVFULEHGLQ6HFWLRQFRQILUPHGWKDWIDXOWSUHGLFWLRQPRGHOVEDVHGRQ*3DUHVXLWDEOHIRUSUHGLFWLQJ
QXPEHURIIDXOWV,QWHUPVRIHUURUUDWHV WKHSURSRVHGIDXOWSUHGLFWLRQPRGHOSURGXFHGWKHVLJQLILFDQWUHVXOWV7KH
YDOXHRI$5(LVDWDFFHSWDEOHOHYHOIRUPRVWRIWKHXVHGGDWDVHWV+RZHYHUZHKDYHQRWLFHGDYDULDWLRQLQWKHHUURU
UDWHIRUVRPHRIWKHGDWDVHWV ;HUFHVDQG&DPHO,W LQGLFDWHVWKDW*3DOJRULWKPLVVHQVLWLYHIRUWKHVPDOO
GDWDVHWV,WUHTXLUHVDVXIILFLHQWODUJHQXPEHURIWUDLQLQJLQVWDQFHVWREXLOGWKHHIILFLHQWIDXOWSUHGLFWLRQPRGHO
7RJDLQ WKH IXUWKHU FRQILGHQFH LQ WKHSHUIRUPDQFHRI WKH*3EDVHG IDXOW SUHGLFWLRQPRGHOZH KDYHXVHG WZR
DGGLWLRQDOHYDOXDWLRQPHDVXUHVLHUHFDOODQGFRPSOHWHQHVV7KHREWDLQHGUHVXOWVDUHDOVRSURPLVLQJDQGVKRZWKDW
WKHSURSRVHGIDXOWSUHGLFWLRQPRGHOKDYHDFKLHYHGORZHUPLVFODVVLILFDWLRQUDWHDQGSUHGLFWWKHQXPEHURIIDXOWVZLWK
VXIILFLHQWFRPSOHWHQHVV
,QWKHLUVWXG\:DVLIHWDOUHSRUWHGWKHYDOXHRIPHDQUHODWLYHHUURUOHVVWKDQ2XUSURSRVHGIDXOWPRGHODOVR
SURGXFHGHUURUUDWHVEHORZ+RZHYHUWKHLUSUHGLFWLRQPRGHORQO\FRQVLGHUHGRQHLQGHSHQGHQWYDULDEOH:KLOH
RXUIDXOWSUHGLFWLRQPRGHOFRQVLGHUHGLQGHSHQGHQWYDULDEOHV6WLOORXUPRGHOSURGXFHGWKHHUURUUDWHFRPSDUDEOH
WR WKHLU UHVXOWV ,Q DQRWKHU VWXG\ /LJXR HW DO UHSRUWHG WKH DYHUDJH UHFDOO YDOXH EHWZHHQ  DQG ZLWK WKH
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KLJKHVWYDOXHRI:KHUHDVRXUSURSRVHG IDXOWPRGHOVSURGXFHG WKH UHFDOOYDOXHEHWZHHQZLWK WKH
DYHUDJHRI
:KLOHRXUH[SHULPHQWVVXJJHVWHGWKDW*3FRXOGEHDSRWHQWLDOWRROWREXLOGIDXOWSUHGLFWLRQPRGHOLWUHTXLUHVD
FRQVLGHUDEOHHIIRUWWRFRQILJXUHWKHFRQWUROSDUDPHWHUVRIWKH*3,QRXUFDVHZHKDYHLQGHSHQGHQWYDULDEOHVDQG
RQHGHSHQGHQWYDULDEOH+RZHYHU LQVRPHFDVHVQXPEHURILQGHSHQGHQWYDULDEOHVPD\JURZXSWRKXQGUHGVDQG
DOJRULWKPPD\ WDNH DQ DPSOH DPRXQW RI WLPH WRRSWLPL]H WKH FRQWURO SDUDPHWHUV2QH QHHG WRSHUIRUP VXIILFLHQW
QXPEHU RI H[SHULPHQWV EHIRUH ILQGLQJ WKH RSWLPDO VHW RI SRSXODWLRQ VL]H QXPEHU RI JHQHUDWLRQ DQG WHUPLQDWLRQ
FRQGLWLRQ
7KUHDWVWR9DOLGLW\
&RQVWUXFW9DOLGLW\7KH HIIHFWLYHQHVV RI RXU SUHVHQWHG IDXOW SUHGLFWLRQPRGHO KDVEHHQ HYDOXDWHG LQ WHUPVRI
HUURU UDWH UHFDOO DQG FRPSOHWHQHVV PHDVXUHV:H KDYH XVHG WHQ GDWDVHWV WR LQYHVWLJDWH WKH HIIHFWLYHQHVV RI RXU
DSSURDFK +RZHYHU WKHUH DUH PRUH HYDOXDWLRQ PHDVXUHV SRVVLEOH VXFK DV FRUUHODWLRQ DQDO\VLV DQG DQDO\VLV RI
DVVRFLDWLRQEHWZHHQSUHGLFWHGDQGDFWXDOYDOXH
,QWHUQDO 9DOLGLW\ ,Q WKLV SDSHU*3 LV XVHG WR EXLOG WKH IDXOW SUHGLFWLRQPRGHOV*3 FRQVLVWV YDULRXV FRQWURO
SDUDPHWHUVWKDWQHHGWRRSWLPL]HIRUHIIHFWLYHIDXOWSUHGLFWLRQ:HKDYHWULHGWRRSWLPL]HWKHFRQWUROSDUDPHWHUVEHVW
WRRXUHIIRUWV+RZHYHUZLWKWKHXVHRIGLIIHUHQWIDXOWFRQWUROSDUDPHWHUYDOXHVPD\YDU\
([WHUQDO 9DOLGLW\ 2XU IDXOW SUHGLFWLRQ PRGHO LV EXLOW DQG YDOLGDWHG RQ GDWDVHWV DYDLODEOH LQ SXEOLF GDWD
UHSRVLWRULHV7KHV\VWHPGHYHORSHGLQWKHRUJDQL]DWLRQPD\SDVVWKHGLIIHUHQWIDXOWSDWWHUQ2QHQHHGVWRWDNHFDUHRI
WKHXQGHUO\LQJSDWWHUQRIVRIWZDUHV\VWHPEHIRUHDSSO\LQJRXUDSSURDFK
&RQFOXVLRQ 9DOLGLW\ )RU WKH FDOFXODWLRQ RI UHFDOO YDOXH ZH KDYH XVHG SUHGLFWLRQ  WKUHVKROG YDOXH 7KLV
WKUHVKROGYDOXHPD\YDU\ZLWK WKHGLIIHUHQW W\SHRIGDWDVHWV$GGLWLRQDOO\ZHKDYHXVHG UHFDOO DQGFRPSOHWHQHVV
PHDVXUHVDOVR2XUUHVXOWVDUHVSHFLILFWRWKHFRQVLGHUHGGDWDVHWV
&RQFOXVLRQVDQG)XWXUH:RUN
,QWKLVSDSHUZHKDYHSUHVHQWHGWKHUHVXOWVRI*3EDVHGIDXOWSUHGLFWLRQPRGHOWRSUHGLFWWKHQXPEHURIIDXOWVLQ
JLYHQVRIWZDUH7KHH[SHULPHQWDOVWXG\ZDVDSSOLHGRYHUWKHWHQVRIWZDUHIDXOWGDWDVHWVWDNHQIURPWKH3520,6(
GDWD UHSRVLWRU\ 7KH UHVXOWV KDYH EHHQ HYDOXDWHG LQ WHUPV RI HUURU UDWHV UHFDOO DQG FRPSOHWHQHVV PHDVXUHV 7KH
UHVXOWLQJVWDWLVWLFVVKRZWKDWSURSRVHGIDXOWSUHGLFWLRQPRGHOLVDEOHWRSUHGLFWWKHQXPEHURIIDXOWVZLWKVLJQLILFDQW
DFFXUDF\ ,Q WKH IXWXUH ZH IRFXV RQ FROOHFWLQJPRUH GDWDVHWV LQYROYLQJ ODUJH QXPEHU RI V\VWHPV IURP GLIIHUHQW
HQYLURQPHQW:HZLOODOVRORRNXSIRUVRPHDOWHUQDWLYHDSSURDFKHVWRLQYHVWLJDWHDQGYDOLGDWHRXUUHVXOWVLQRUGHUWR
JHQHUDOL]HRXUILQGLQJV
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